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(54) HARD FILM 
(57) Abstract: 

PROBLEM TO BE SOLVED: To prepare a hard film superior in wear resistance to an 
(AI,Ti)(N, 0) type film, which has the most excellent wear resistance among the 
conventional TiN film. TiC film. TiCN film, and (AI.Ti)(N. C) type film, and 
having wear resistance capable of meeting the demand for high speed cutting. 
SOLUTION: This hard film has a composition represented by (All-yXy)Z, where X and 
Z mean one element among Or. V, and Mg and one element among N, C. B, On, BN. and 
CBN. respectively, and 0<y<0, 3 is satisfied. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

predsefr"™^"' translated by computer. So the translation may not reflect the original 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] It consists of the compound nitride, the compound carbide, the compound boride the 
"S^JPk""^ /? '^^"^PO""^ **** nitride, the compound charcoal boride, or compound 

[Claim 2] a thickness - 0.1-20 micrometers it is - hard anodic oxidation coatings according to claim 1 

[Claim 3] The hard anodic oxidation coatings according to claim 1 or ? form/.H fK» _ 
cemented carbide or a high speed tool steel. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention belongs to the technical field about a 
hard anodic oxidation coatings suitable as a wear-resistant tool metallurgy type hard anodic oxidation 
coatings especially used for a manipulation of **, a cutting, a piercing, etc. about the hard anodic 
oxidation coatings excellent in abrasion resistance in detail about a hard anodic oxidation coatings. 
[0002] 

[Description of the Prior Art] When manufacturing wear-resistant members, such as a cemented 
carbide (WC-Co system sintered alloy) or a high speed tool steel, forming the wear-resistant coat 
which becomes the base-material front face of these members from a metaled nitride and metaled 
carbide is performed for the purpose of having excelled performances, such as abrasion resistance, 
more. 

[0003] As such a wear-resistant coat, it is TiN. Coat TiC coat is used widely and it is formed by the 
ion-plating method. The endurance with this higher TiN TiC coat is shown. Coat It is TiN if TiC coat 
is compared. Coat It is TiC, although TiC coat is excelled in thermal resistance (elevated-temperature 
oxidation resistance) and the function protected from the crater of the tool rake face which carries out a 
temperature up with the temperature increase by plastic working and frictional heat at the time of 
cutting is demonstrated. Compared with a coat, since it is a low degree of hardness, to the flank wear 
generated in the flank which touches **-ed material, rather, it is brittle and a flank wear is Then, 
recently [ both ], the hard anodic oxidation coatings of TiCN which suppresses a crater and a flank 
wear is put in practical use. 

[0004] By the way, in connection with the laborsaving, energy saving, and the enhancement in a 
productivity in a cutting process, much more improvement in the speed of a cutting speed is 
demanded, and it is in the status that deep cuts of a high slitting or high delivery are performed in 
recent years. Thus, since a cutting conditions is in the inclination more made severe, it is the above 
TiN. A coat and TiC It has become impossible that it can finish responding to this request in a coat and 
TiCN coat. Namely, TiN A coat and TiC When the cutting tool which has a coat or TiCN coat 
performs a high speed cutting, when Ti in a coat oxidizes at an elevated temperature, a coat 
deteriorates and wear is very intense. 

[0005] Then, it is TiN as a hard anodic oxidation coatings which was more excellent in abrasion 
resistance. TiC To TiCN, or Ti, N and C To add the 3rd of an except and the 4th element is tried. The 
compound nitride of Ti and aluminum which adds aluminum as the element [(aluminum, Ti )N], The 
hard anodic oxidation coatings (henceforth, these are named generically and it is called a system (N 
(aluminum, Ti), C) coat) which consists of compound carbide [(aluminum, Ti )C] or compound 
charcoal nitride [ (aluminum, Ti) (N, C)] is proposed (JP,4-53642,B, JP,5-67705,B). In order to 
improve thermal resistance (elevated-temperature oxidation resistance) and a degree of hardness, 
aluminum is added, aluminum oxidizes alternatively at an elevated temperature, this (aluminum, Ti) 
(N, C) system coat turns into a protective film, and prevents oxidization of the coat under this coat, 
and, thereby, its thermal resistance is improving. However, it is TiN at 800 ** grade. A coat 
deteriorates like the case of a coat, therefore it is unsuitable to the high speed cutting said that edge-of- 
a-blade temperature becomes 1000 degrees C or more, and cannot correspond to it, but the hard anodic 
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SncttXLTf '^^^^^^^^^ 'T'^'" performance (especially abrasion resistance) fuither 
[0006] ' """^^^ 2500 Hv and is needed. 

i!il^a^!r «nH°.H ' ^"'^"''^"^ ^''^^ '"^^"^o"' ™^de paying attention to such a 

"^"'""J. ^bove-memioned purpose, the hard anodic 

[Embodiments of the Invention] The hard anodic oxidation coatings concerning this invention is 

^or"mtS,"e'^^^^^^^^ T ™^ '^"^ oxidation^coa^gs ht th 

atorementioned **** composition, and is excellent in thermal resistance (elevated-temDerature 

ti?.rTtt=-:;s^L--— ^^^^^ 

n?^i? H '"PP°'^^ aforementioned conventional system (N (aluminum Ti) C) coat 

Sdeltr^f" ? ^^^P of much more improvement in the spT^d a h^^h Xting or 

.t fs ba^eZ then^^ t"? T'^'ff ' '^'.'^^ ^on^P-atively good abrasion resistance. It fs thought 
f 1.^ fZln f r (elevated-temperature oxidation resistance) improving since the oxid^ 

film fomied of alternative oxidization of aluminum turns into a protective film and a decree of 

iHl=— ^^^^^^^^^^ 
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degree of hardness It is thought that it is based on change of the crystal system to cubic system from 
hexagonal system, 

[0014] this invention is made based on such knowledge, the hard anodic oxidation coatings concerning 
this invention consists of the compound nitride, the compound carbide, the compound boride, the 
compound charcoal nitride, the compound **** nitride, the compound charcoal boride, or compound 
**** boride of aluminum and X (a kind of X:Cr, and V and Mg) like the above, and the composition 
(aluminum 1-yXy) of aluminum and X 

However, it is made to consist of composition shown by kind 0<y<=0.3 of X:Cr, and V and Mg. 
[0015] The time of setting a kind of this hard anodic oxidation coatings, i.e., Cr, V, and Mg, to X 
(aluminum 1-yXy) N, (aluminuml-yXy) the composition shown by C, B (aluminuml-yXy), CN 
(aluminuml-yXy), BN (aluminuml-yXy), or CBN (aluminum 1-yXy) **** — becoming — 0< y<=0.3 it 
is — it is characterized by things the composition this hard anodic oxidation coatings is indicated to be 
by Z (aluminuml-yXy) here when N, C, B, CN, BN, or CBN is set to Z **** ~ becoming - 0< y<=0.3 
it is — it is characterized by things In addition, it does not restrict that it is 1:1, but, also in the 
1: abbreviation 1 (1 or less [ near 1 ]), is contained, for example, :(aluminuml-yXy) Z also has the case 
of 1:0.90. 

[0016] If it puts in another way, it is the hard anodic oxidation coatings characterized by the rate of X 
which consists of compound nitride, compound carbide, compound boride, compound charcoal nitride, 
compound **** nitride, compound charcoal boride, or compound **** boride [, i.e., (aluminuml- 
yXy), Z], of aluminum and X (however, a kind of X:Cr, and V and Mg), and is occupied in this 
aluminum and X being less than [ 30at% ] (0% not being included). 

[0017] Therefore, the hard anodic oxidation coatings concerning this invention is excellent in thermal 
resistance (elevated-temperature oxidation resistance) collating with the aforementioned knowledge, 
and excels the system coat the degree of hardness excels [ coat ] in abrasion resistance most in the 
conventional coat highly therefore (N, C) (aluminum, Ti) in abrasion resistance, and it turns out that it 
is what has the abrasion resistance which can correspond in the case of a high speed cutting. 
[0018] It is y of the 30at% less than, i.e., (aluminum 1-yXy), Z, excluding 0% in the rate of X occupied 
in aluminum and X here 0< y<=0.3 Carrying out It is y 0.3 If it super-* *s, the component (namely, AlZ 
which carries out a postscript) concerning aluminum will decrease. It is because elevated-temperature 
oxidation resistance and a degree of hardness fall, abrasion resistance falls by that cause, and it 
becomes inadequate, and X will not contain, but it will become impossible to plan wear-resistant 
enhancement by X addition and abrasion resistance will become inadequate on the other hand, if y is 
set to 0. 

[0019] In addition, for the aforementioned (aluminum 1-yXy) Z, the amount of AlZ components will be 
lessened and it is y to enlarge y, since it can be expressed as the l-y-(XZ) y solid solution if a solid- 
solution component describes (AlZ) 0.3 If it super-**s, the amount of AlZ components will decrease 
too much, and un-arranging [ which it is called the above-mentioned **** abrasion resistance fall ] 
arises. To it, making y small will make [ many ] the amount of AlZ components, as a result its abrasion 
resistance will improve, such a point to 0< y<=0.3 ** — although it is necessary to carry out, in order 
to improve abrasion resistance to an authenticity more — 0< y<=0.2 ** — carrying out is desirable, and 
it is so still good that y is close to 0 (however, 0 is removed) in respect of wear-resistant enhancement 
However, if y is made small too much, since the amount of XZ components will decrease too much, 
crystal system will change from cubic system to hexagonal system and abrasion resistance will become 
low, it is desirable to be referred to as 0.01 <=y from the point. 

[0020] It is a thickness 0.1, when coating and using this hard anodic oxidation coatings for members, 
such as a tool by which wear-resistant and oxidation-resistant both are demanded, especially about the 
thickness of the hard anodic oxidation coatings concerning this invention, although not limited, mum 
Carrying out above is desirable. It is a thickness 0.1 if this hard anodic oxidation coatings is uniformly 
coated in oxidation resistance, mum Also for the following, an effect is the thickness 0. 1 of a certain 
thing, mum It is because it seldom comes to demonstrate the wear-resistant grant effect and it may 
become inadequate [ abrasion resistance ] in the following. On the other hand, it is 20 micrometers of 
thicknesss. 20 micrometers since there are few wear-resistant and oxidation-resistant enhancement 
effects although a thickness is thickened in **, and coating time becomes long and a productivity falls 
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m02n '° ""t^ ^^"""^ '^^^'^"g^ ^'^^o'-ding to claim 2). 

[0021] Moreover, about especially the base material coated with the hard anodic oxidation coatines 

accordmg to intended use or need, for example, it can form and use for various tool base-material front 
faces m the field of a tool, it is desirable to use a cemented carbide (WC-Co system si^iSl airov/nr « 
a^'corre to'ct '^^^^^^^^^ ^ ' '''l'^ ' '"^^ ^^^^ "^^^^^ (h Janodfc oxiSn^^ ' 

fnv3 °" •'^^^-"^^terial front face of the hard anodic oxidation coatings concerning this 

invention can be performed by the PVD represented by the ion-plating method wWchTonTzTs a me al 
component by the arc discharge which makes a cathode an evaporation source The sputtering mShod 
or lon-implantation. etc. When the content of the arc ion-plating method is explled in S Sfe 

?H4 Or 7°"' H '?™'"^ ^^^'^^^^ ^^^^'^ ^ ^-^hode an evaporation source N2 anf 

cm Or It IS made to react m the ambient atmosphere of BF3 gas or those mixed gas andThe base 
matenal front face which gave bias voltage is made to cany out a deposh. TlAoufh kJ^in^^^^^^^ 
aluminum and V. or aluminum and Mg may be individually used as a cathorrespecS 
time It consists of the purpose composition itself. aluminuml-yXy Th^carc'JcZde Z^^^^^^^^ 

[0023] 
[Example] 

(Example 1) A cathode arc method ion plating system is used, and it is as the cathode electrode The 
Shlf rtZ chf ' ^""r"' ^ change) was a^^ctd.^^^^^^ le 

^.7. I H ' ? ^ '^''^ ^"^"^ ^ cemented carbide (WC-10%Co system sintered a lov) was 
attached in the substrate (base material) electrode holder of this equipment Z a S^e material 
Moreover, the substrate rolling mechanism and heater for securing the homogenek^ ™f Ae cL 
formation status were formed in this equipment. Homogeneity or tne coat 

[0024] And after it impressed the bias voltage of -30V to the base material where the heating hnld of 
die base matenal (chip) is canied out at 400 and introducing high-gSe N2 gi oJ N^/ C^^^^ 
mo 3TonTd"rr H ^''^-T^--' erf as'the ambie'Ti^phere of 

[0025] furthennore. a comparison sake - cathode (target) aluminuml-yTiy or Ti - using - such a 
t-mT""'"^ " *^ equipment and same technique as the above - N (aluSm T.) coat 
and Tin The coat was fonned. Composition of these coats is shown in Tables 1 2 ™4 35! 69! and 

foof^i ^ k"'' /'^^"a«on was perfonned on two kinds of conditions as follows using the 

tool chip by which coat fonnation was canied out. The test result is shown in Tables 2 

feed-rate:0.2mm/rev -- cLng deepTy"""2mii rc^^^^^^^ 

very few amounts width of face of a wear width-of-face:wear part) of flank wiars and face we^ 
dep hs and the tool chip which has the coat which starts the exLple of this iSo" comp^^^^^ 
the tool chip which has a coat concerning the example of a comparison excels [ ****** 3a^s^n 
resistance very much so that clearly from Tables 1-2 J in abrasion 

SaS?L^lf 'h''*''^''' ^V*'" ""^^^ "^^^ " P^^^*""'" P'^^e and is fonned in a base- 
matenal front face as a base matenal m order to investigate the oxidation resistance of a coat -^0 
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micrometers ** — it carried out and the coat of the composition shown in Table 3 was formed except 
for these points by the same, same equipment and same, same technique as an example 1 In this, the 
thing of No.71 -76 is a hard anodic oxidation coatings concerning the example of this invention, and 
No. 77 -84 are a coat concerning the example of a comparison. 

[0029] Thus, about the platinum plate by which coat formation was carried out, in order to investigate 
the oxidation resistance of the coat, thermobalance equipment is used, and it is flow rate:150cc of 
temperature-up domain :room temperature -1200 degree-C, programming-rate:10 degrees C /, min, 
controlled-atmosphere:dry-air, and controlled atmosphere/min. The oxidation test was performed on 
conditions. And the temperature in the rapid point produced in a temperature-up process increasing 
[ weight ] was determined as oxidization start temperature, and it asked for it. The result is shown in 
Table 3. Moreover, the Vickers hardness (50g of loads) of a coat was measured. The result is written 
together and shown in Table 3. 

[0030] the coat which starts the example of a comparison so that clearly from Table 3 — TiN the coat 
which is about 600 ** and starts the example of this invention in a coat to oxidization starting by about 
800 ** in N (aluminum, Ti) coat — yes, oxidization start temperature of **** is high and it is excellent 
in elevated-temperature oxidation resistance 
[0031] 
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(mm) 


(jUID ) 
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(Alo. 9. Cro. i)N 




0. 


0 5 


6 
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(Alo. 8. Cro. 2)N 




0. 


0 4 


5 
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Kit /> \ M 

(Alo. 7, Cro. »)N 




0. 


0 5 


6 
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(Alo 8. Cro i)B 




0. 


0 7 


8 
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(Alo. ».Cro. 2)0 


S45C 


0. 


0 6 


4 




6 


(Alo. «.Cro. 2)NC 




0. 


0 4 


5 




7 


(Alo. 8. Cro. 2)NB 




0 


0 7 


6 




8 


(Alo. R.Cro. 2)BC 




0. 


0 8 


3 




9 


(Alo. a.Cfo. s)NCB 




0. 


0 6 


3 




10 


(Alo 9. Vo i)N 




0. 


0 6 


7 




11 


CAU « Vn o^N 




0. 


0 5 






12 


(Alo. 7. Vo. =,)N 




0. 


0 7 


7 




13 


(Alo. 8. Vo. 2)B 




0. 


0 5 


6 




14 


(Alo. 8. Vo. 2)C 


S45C 


0. 


0 5 


6 




15 


(Alo. Vo. 2)NC 




0, 


0 4 


5 


m 


16 


(Alo. 8. Vo. 2)NB 




0. 


0 8 


8 




17 


(Alo. 8. Vo. 2)BC 




0. 


0 4 


7 




18 


(Alo. 8. Vo. 2)NCB 




0. 


0 3 


4 




19 


(Alo. «.Mgo. .)N 




0. 


0 5 


6 




20 


(Alo. 8.Mg0. 2)N 




0. 


0 6 


7 




21 


(Alo. 7.Mgc. j)N 




0. 


0 7 


8 




22 


(Alo. 9.Mgo. i)B 




0. 


0 8 


9 




23 


(Alo. 8.Mgo. .)C 


S45C 


0. 


0 6 


8 




24 


(Alo. 8,Mgo. ,)NC 




0. 


0 5 


5 




25 


(Alo. ».Mgo. i)NB 




0. 


0 7 


6 




26 


(Alo. 8,Mgo. i)BC 




0. 


0 6 


7 




27 


(Alo. a.Mgo. .)NCB 




0. 


0 4 


4 




28 


(Alo. 8. Cro. 4)N 




0. 


1 6 


1 9 




29 


(Alo. 4. Cro. 6)N 




0. 


1 7 


2 1 




30 


(Alo. 8, Vo. 4)N 


S45C 


0. 


1 7 


2 2 




31 


(Alo. 4. Vo. .)N 




0. 


1 8 


2 3 




32 


(Alo. ..Mgo. 4)N 




0. 


I 9 


2 5 




33 


(Alo. 4. Mgo. 8)N 




0. 


2 0 


2 6 
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UN 


J>4bi; 


U. 1 b 


1 1 » 




35 


(Alo. s.Tio. 


S45C 


0.10 


1 2 



[0032] 
[Table 2] 



No 



mm 



Omi) 



(;tZID ) 



36 
37 
38 
39 
40 
41 
42 
43 
44 



45 
46 
47 
48 
49 
50 
51 
62 
53 



54 
55 
56 
57 
58 
59 
60 
61 
62 



63 
64 
65 
66 
67 
68 



(Alo. s.Cro. 

(Alo. a.Cro. 

(Alo. 7. Cro. 
(Alo. ». Cro. 
(Alo. «.Cro. 

(Alo. a.Cro. 

(Alo. 8. Cro. 
(Alo. a. Cro. 
(Alo. a.Cro. 



.)N 

2)N 

»)N 

2)B 

M 
M 

MB 



(Alo. 9. 

(Alo. a. 

(Alo. 7. 

A] « « 
(Alo.' Z 

(Alo. 8» 
(Alo. 8. 
(Alo. 8. 



Vfl. ON 
Vo. i)N 
Vo. ON 
Vo. i)B 

Vo. ONC 
Vo. 2)NB 
Vo. OBC 
Vo. i)NCB 



(Alo. 
(Alo. 
(Alo. 
(Alo. 
(Alo. 
(Alo. 
(Alo. 



9.Mgo. ,)N 
8,Mgo. j)N 

7.Mg0. s)N 
a.Mgo. .)B 



s.Mgo. i)C 

a.Mgo. i)NC 
, - a.Mgo. ,)NB 

(Alo. S.Mgo. i)BC 
(Alo. s.Mgo. ,)NCB 



(Alo. 8. Cro. ON 
(Alo. 4. Cro. 6)N 

(Alo. 8. Vo. 4)N 

(Alo. 4. Vo. ,)N 

(Alo. s.Mgo. 4)N 

(Alo. *.llgt. t)H 



SKDll 



0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



3 

2 5 

3 0 
3 0 
2 5 

2 0 

3 0 
2 5 
I 5 



8 

7 
8 
9 
8 
6 
7 
9 
7 



SKDll 



3 0 

2 5 

3 0 
3 5 

rv n rv 
U . OK) 

0.2 0 

0. 8 5 

0.2 5 
0. 1 5 



I 



9 
8 
0 
1 1 
1 0 
7 
9 
8 
6 



SKDll 



0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



8 
9 
1 0 
9 
9 
7 
8 
9 
6 



0. 6 



SKDll 



0. 



5 
7 0 
7 0 

7 5 

8 0 
8 5 



2 
2 
2 
2 
2 
3 



69 



70 



TIN 



SKDll 



0.6 0 



2 5 



(Al. Ti) N 



SKDll 



0. 4 0 



1 8 



[0033] 
(Table 3] 
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No 




CO 


(Hv) 




71 
72 
73 
74 
75 
76 


(Alo. ..Cro. ON 
(Alo. 8. Vo. ON 
(Alo. «.Mgo. i)N 
(Alo. 8. Cro. 2)NC 

(Alo. a. Vo. ONB 

(Alo. B.Mgo. »)BC 


10 5 0 
10 0 0 
10 0 0 
9 5 0 
9 0 0 
9 0 0 


3 2 0 0 

3 0 0 0 

2 8 0 0 

3 5 0 0 
3 10 0 
3 2 0 0 


m 


77 
78 
79 
80 
81 
82 


(Alo. 6, Cro. 4)N 
(Alo. G. Vo. JN 

(Alo. e.Mgo. 4)N 

(Alo. 6. Cro. 4)NC 
(Alo. «. Vo. 4)NB 
(Alo. o.Mgo. 4)BC 


7 0 0 
6 5 0 
6 5 0 
6 0 0 

5 5 0 

6 0 0 


2 10 0 

18 0 0 
15 0 0 
2 2 0 0 
2 0 0 0 

19 0 0 




83 


TIN 


6 0 0 


2 0 0 0 




84 


(Al. Ti) N 


8 0 0 


2 5 0 0 



[0034] 

[Effect of the Invention] The hard anodic oxidation coatings concerning this invention is excellent in 
thermal resistance (elevated-temperature oxidation resistance), and its degree of hardness is high. The 
sake. The conventional TiN A coat and TiC The system coat which is most excellent in abrasion 
resistance in the coat, TiCN coat, and the system (N (aluminum, Ti), C) coat (N, C) (aluminum, Ti) is 
excelled in abrasion resistance. It has the abrasion resistance which can correspond in the case of a 
high speed cutting, therefore can use suitably as a hard anodic oxidation coatings of the tool base 
material for high speed cuttings. It can use suitably as a wear-resistant tool metallurgy type hard anodic 
oxidation coatings which can attain now much more improvement in the speed of a cutting speed, and 
is used for a manipulation of a piercing etc., and the effect that enhancement in the tool performance 
metallurgy type performance by those wear-resistant enhancements and enhancement in a life can be 
aimed at now is done so. 



[Translation done.] 
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(54) BKWO^Ut] flgft^ 

(57) 

[US] t^*<7)TiN ^1^^ Tie TiCN^H, (Al, 

Ti) (N, o^&m<^^x'MmmmmziS:ixx\,^:^ Im t' 
i) (N. oM^mj: *) i>mmmizmii. mmmwKD^ 

imt^m Cr, V, MgO-a^xt c' 

3 "Cfcs^t^^st-r^smiK. 



(71}tBinA 000001199 

:ft*««Fmi'*KBsnr 1 Te 3 »i8« 

:ft»m»F*iSKit5«^ 1 TB 5 S 5 # 



:ft»m#F*iSEB5«# 1 TB 5 # 5 ^ 



a2)smm m. mm 

=R«»»F*i5ES5«# 1 TB 5 # 5 ^ 
(74)f^A 9IS IK 



(2) 
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[W^^Il] AltX (X : Cr. V. Mgc7)-a) c7)?S-^ 

m^m. m-^mitm. m^Ti-^^im, m-^mmim. m 

( Ml-yXy ) 

flL. X : Cr, V. MgCO— a 
0<y^0. 3 

cii«]S2 ] ^mm.i ~20/zni Tfesis^^ 1 leii 

[00 0 1] 

mwmx. mimT.m<^Mj:i>zmm^tii,xm'^^mcr) 
mmm^mn^mb LxKm^j:mn&mizm^mm^ 
mizm-th, 

[0002] 

[t^o^w] mm-^^ (wc-co xttisa 
i^mt<7)m$tmmi>z^^m^m'¥mimi 'o^^mm 

[0003] LT{4, TiN 

■tit. TiN ^^{4 nc^mx^i^mm^ (mMmm^t 

^w-i.*^ Tic &mizit^xmmmx'hhfzi!b. mwi 
mtw^-r^mifm^z^-t^ y yy^mmzsaLxi^tj 
L^fmx'h'o. yyy^mmznLXii rizm.cr>:^ 
-eci-c. m5X'it9i^-i'nmt 
y y yi^m^^Mzm\thnQ\<m:s^mmmmit% 

[0004] t^^x\ ifi¥. -BJB'Jxmco*:>3-fi:^*x 

miwrnm^tixa^. mm^ih^Wu\^mm'om(nm 
mmti^'^iytt^minz^h . ^oj: a i^zmm^wt'^ i: d 
jfis-fb-rsffii^jt^^j^/ii^, mfieTiN ^1^, Tic 

*>, TiN SM, TiC *^X(i:TiCN*ll^*-rStMfJXfl: 
ICJ: 0^j£fl)HiJSrtTo7t:i^, iSST*lll^OTi*iS-fb 

[ 0 0 0 5 ] -e^T', J: ^m^m.i.zmx.tzm.n^^b 

LX. TiN ^TiC ^V^(±TiCNlCTi, N . C mi'hc0|g3. 

^A7tm^mmth:ittm?t-hixxii^ . ^<7)7tmt 



LXMi:mnLfzi>(7)T$>htz^(r>. ritM<7)m^m 
im c(Ai,Ti)N:i . m.^mmi{^\,r\)o WL\^\m^ 
^M-ftij^] c(Ai.Ti)(N,c)D x^tc^wR&m iim. z 
ti(>^mr^Lx(M.ii){ii.cmAs^b\^d ) i}^mm$tL 

18) , ^co(Ai,Ti)(N.c)^^ii{4. (mmimt 

14) at/IOUSSTrftJi-rs/trS^tAlSrajJllL^^ctcOT'S) 

0. SiafAi^iM^wtK^tt. u.m!kmt^j:-oxim 

TV^I,, LA^L^r*i^>. 800 'CgJ^TTiN *|^c7)d^i: 
IBJ^K^^^iJfe^'ftL, ^cofzif). ^5fe^*nO0O'CliLh 

-f, *M<7)®JStHv2500Sj^i:S>*'9a<{i:^V^^4^). 
[0006] 

TiN TiC TiCN^M- (Al.TiXN.O^SMT' 

commj^^mnt. zti^mMi^^^crt'px'mmmn 
mzmtix\>^^ (Ai ji) (N, cm&f^i o tiss^ttic® 

[0007] 

iz. :^^Mizmmm&mim^mi^3iim(mm& 

^bLXis'O. ^tHii!f:coXo^j:m^bLtzt<7)X'h 

[ 0 0 0 8 ] BPt.. m-m 1 ia«8<o®«*)gi«, ai t x 

(X : cr. V. Mgo-ffl) <7)m^mim. m^m^m. 
m^^^^^m. m-^mm'fm. m^^^^mitm. m^^ 

( All-yX, ) 

ML. X : Cr, V. Mg(3D— a 
0<y^0. 3 

[0009] m^m2sm<Dmm&mii. mmmA ~ 
20/x m -cs> 1. if ^« 1 amcomn&mxh h , is^ji 3 

ieii<^?i!M*ffi|{4. (wc-Co i^fifeg-^^) t.tz 

\,mm^mmcrmm\.zm^^ixfzm-mm. i x{42iem 

[00 101 

mmim.i<zm.tix v (ai , Ti ) (n, o ^&wkx o i,mmi 
mzisbti. -mmm\<^^>>znm^m^j:mmm.^m'r 



(3) 
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[0011] z<7)pm^WFmm^^. 
iet^c7)(Ai .Ti) (N. o^mii, mm^m<itn^m\,^ 

-e-iT, Ti^:mmLfzi,<^^ m-h ain^^. aic 

AlCN^M(m, -^I^>^*g8^LT AKN.O^^J^hV^ 
•5 ) i^'t^ttyi^t^x.^tlhifi^ AIN ^<7)A1(N.C) ^ 

<. m^mi.m¥'^i.zi&<xT^%'^x'hh. 

[0013] ^^X\ AIN ^COAKN.C) fca^^^rTcSS- 
(m, X) S:Bif^^*-t-S^i:{:J:0. m» 

Ti) (N.o^^nj; 0 i,w«^tt;&j|6ij:t, mmmff)^ 
^^znm-^m^mmm^'it^^^h ^ t *>'t-# ^ j; d tc^sr 
0. -eLT. ■i'ox<7)^^r*(±Ai^txx4'icd&*^§xc7) 

M-^i: LT30at%jaTfcf -1. t J: V ifihij^-^tz . C: 
«OJ:o=5:X (ip*>cr. V. MgiO-«) omcet^i^fc 

Tii:Nbcoa-^^-ft;^% C : (Ti.Nb)Cj ^ICOt^T^S 
$tLTV^S^^filif^^^:?|ii.,gjgi7)Bgi^ (Su-rface and 
Coatings Technology. 33 (1987) 91-103) :^1jik 
^*^^i-:fj^am^<7)m^mcr)^mzX i, ii<7)t^t i^tl 

[0014] *^Bj{i:*^*^^Jnmt«^#=5r$^i7t fc<0 

x$>*). ^mMizmi.wm&mii. Haieco*o<. ai^x 
(X : cr, V. Mgco-s) com^mim. m^m-itm. 
^^yn^im. ^-^rmm^tm. m-^^^^m^m. ^-^m 

( A1,.,X, ) 
{it. X : Cr. V, MgCO— a 
0<ySO. 3 

[0015] C:<^?Smig|l±. Cr. V Mg<7)-« 

S-Xi:L;t:^:#. (Al^.^x, ) N. (Al^.^x, ) c. 

( Ali.,X, ) ( A1,-,X, ) CN, ( Al 
i-yX, ) BN, X{±. ( Ali.,X, ) CBNT'^Sit 

i>cr)X'h?>, ZZX\ C, CN, BNXJiCB 
N$:Zi:-ri.i:. Cc01g«^ll{±, ( ai,.,x, ) ZT' 

i:-rSi,«0-C'*S, j^i, ( A1,.,X, ) : Z{i, 1 : 1 



x'$>^tiim(>i'. 1:^1 (1 t^ifivuisiT) (om^ 

[00 16]^mt^tf. AlfcX (flL, X:Cr. V, 

Mgo-«) c7ym^m-im. m^m^m. m-^^^'y-m 
n^mmn-^^mi tm-h ( Aii.,Xy ) zj io^o, 

COA12it^X«t>tCf6VjSX<0«f^*t30at%tiT ( 0%$: 

[ 0 0 1 7 ] fi!-,T. ^^BMizm^mM&mit. mi^ 
M.tm^'t^hiz. wm^ (Kisas-fLtt) izmti. 

tc^ixTv^^ (Ai.Ti) (N, om^m 0 mmnrnzm 

[0 0 18] ^:ix\ ^\RUX^\,zmhX(m^^O 
%m.<30^t%VlT. EP*> ( A1,.,X, ) ZT'COy^O 

<yso.3 bLX^^h<r>{i. yi03 mt-Tht. kHz 

y^^^izxmmm:<r>\^±.i}mtv^j:<^j:'ixmm^ 

[ 0 0 1 9 ] 1^. H5i5 { Ali-,Xy ) ZJillJm^^T' 

Mmtixii (Alz),.,- (xz) Mmtmmrti. 
^^<-t^^biz^o. w^ximmm^if^±-t?>z 

blzKci>. *^*»^*>/i>, O<yg0.3 b-t:^Smt^$) 

mmm&:^i*)im^z\^±^hfciibiziio<y^ 

0.2 b-rtZbtmtL<. MiziiyliO (flLO^I^ 

Sr/jN$ < tm'^ b . xz^^mi}i^j^-^< ^ oiiir! m 
^i^i3^±ij^B^:d^^y^yj^j^b ^h'ommnmmK 
^h<r>x. -^coj^ij^f^tio.oi^y b-t?>z burnt L 

[0020] S®©^Jlc7)|^{cov^T<i. 

mzm'&^tihh<7)X'ii^j:\.^^\ mmmc&immim 
(^f^:fTi)^^^ti^xmmr>^mzwm&ma~7- 

iih^hcoco. mmoA ua ^x'tmm^'&n^m 

mm<$>hf}-f>x'S)?>, -:fT. mm20um mxiimm^ 
m<-t^m*) izimmmm(xmmim<7)ft]±s^mt':'j'" 
X. ^-i" 1 yy^mtrnK^-^x^mitijimT 



(4) 
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[ 0 0 2 1 ] X. ^^Mizi^^mmi&mij^^-y'^ 

ffljt^^^:^tttcjs5tTa^cosw^fiiffl-c'#. mum 

.ri:**T#«.7t^. XM»ffi: LTtii®®-^^ (WC-Co 

*^'a4Lv^ (is«ja3ieijco@«&M) , ^txxt. 
x^mmf-k^ ^vw-^ ^ yj/js^x 

-TTKi^' /h^-tt-S. ::c7)t#, ;<7y-Kt LT{i:Ali;C 
r. Alhv, Xti. Ali:MgS:-ei^-r/^^Sj3lJ^^fiefflL•Ct> 

K ( ^ .y h ) i: -ficOit. ^mmjn 3 y h n-;p*>' 

[00 23] 
[^Sfe^J] 

liaSrfflV\ -?-<0;{fy-F«fiii:LT Ali-yXy (ffl 
L> X : Cr, VXJiMg, y : S^^-fL) iO^-^ y hSr 

t LXim-^± (WC-10%Co^^-^^) i^oia.^-yr 
[00 24] -etT, ±l5t-^lCj;oTaW (^ y 

r) 5:400 °c\.ztmMm\^fz^xm^\,z-^QM<r»M 
TX«ffi5:6pjnL. ilSrt(c:^*fiJgN2;<r;^X{4N2/CH4?I 
-^;yxS:^AL7t±-C-l xiO-3TorrO#Hmi: L, T- 

/c. ::<^)iatrL-Ct#<oti^c*IKOiffl^S:*l-2 (N 



0.1—33. 36-68) {C^f . ^<r>^. No.l~27, 36-62 

(^%j<n\iim^mmm.z^h-m.'^^mx'tb'o. no. 28 

-33 , 63-68{4Jt!g^JfcfS-l.*MT'*-S. 
[0025] MtC. JtlS<^/ca6. ;^?y- H ( ^-^v 

l5l:^O^gSt/:^atC i D . (Al , Ti )N^MS.t/Ti N 
SrJ^^L/::. -eii^>^IK«7)ja^$rai-2l;S^f (No. 3 
4. 35 , 69 , 70). 

[0026] :i<r>i. o \,z\^X^im^^i\.tzlM:^ v^ 
Srfflv^-C. <?:c7)2S«<7)^fr-c-flJB'Js5«S:lToA:, 
is:®iig*$r*l-2(c^-r. 

® MS'M : S45C. : ITOm/min, O^J^ : 0. 

25iniii/rev, m^ih^ : Inn. -^JHHI^ra : 25^ 
© ft![BW:SKDlU t:UfflatJ^ : ISOm/min. j^03*g : 0. 
2miii/rev , tJJOii^^^ : 2 mm. tUfiiJWf^ : 25^ 
[ 0 0 2 7 ] a 1 ~275><bBJ'i*^^J: ^ tc, JtlS^JW^ 

x'>t£<. m^m!mzim\<zmvt\^h , 
[0028] (mvm 2 ) '^Wk'mmm.'kw^^hfz^ 

ii«<o§ig&tx:^t; J: 0 . ^3\,zm-mL<n^mkm 

JSL^. ClcO'li. No.71 -76<7)t<7){i*|6HJ<7)||Sfifl?iJ(; 
\^hm^^mX'm. No.77 -84{iJtlg0!ltC#l.*]S'C 

[0029] icoj; d tcLT*MJg^$tL^e#«tco 

fflV^T#^aiSH : ^?S— 1200'C, : lOr/min, 

mm%ii:^ : lEM^, m-m%fi:^<mA : ISOcc/min 

(^asog) sras^tT^^. -?-oism^*3i:#iB 

[0030] a3*>^>H3(i>*-^J: ^tl, JtiKWcf^S^ 
^(4TiN ^mxamOO 'CX\ (Al,Ti)N^JKf{i:^800 

°cx'm^ttf^ithth<Di,znL. :^mm<ommmizghh^m 

[003 1] 
[^1] 



#^9-41127 



mm 



Cm ) 



(AId. s.Cro. 
(Alo. s.Cro. 
(Alo. T.Cro. 
(Alo. s.Cro. 
(Alo. s.Cro. 
(Alo, ».Cr«. 
(Alo. s.Cro. 
(Alo. s.Cro. 
(Alo. s.Cro. 



.)N 
,)N 

2)C 

2)NC 
2)NB 
j)BC 
j)NCB 



S45C 



(Alo 

(Alo. 8 
(Alo. 7 
(Alo. 8 
(Alo. 8 
(Alo. 8 
(Alo. 8 
(Alo. 8 
(Alo. 8 



9. 



Vo. ,)N 
Vo. s)N 
Vo. ,)N 

Vo. 2)B 

Vo. s)C 

Vo. ,)NC 
Vo. ,)NB 
Vo. OBC 
Vo. j)NCB 



S45C 



(Alo. a.Mgo. ,)N 
(Alo. 8,Mgo. f)N 
(Alo. T.Mgo. ,)N 
(Alo. 9.Mgo. i)B 
(Alo. o.Mgo. i)C 
(Alo. 9,Mgo. >)NC 
(Alo. 9.Mgo. ,)NB 
(Alo. s.Mgo. ,)BC 
(Alo. a.Mgo. ,)NCB 



S45C 



0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



0 8 
0 4 
0 3 



0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



0 8 
0 6 



6 

5 
6 
8 
4 
5 
6 
3 
3 



7 
6 
7 
6 
6 
5 
8 
7 
4 



6 
7 

8 
9 
8 
5 
6 
7 
4 



m 



(Alo. e.Cro. 4)N 
(Alo. 4. Cro. 

(Alo. 8. Vo. 4)N 

(Alo. 4. Vo. «)N 

(Alo. e.Mgo. 4)N 

(Alo. 4.Mg«. *)N 



S45C 



0. 
0. 
0. 
0. 
0. 
0. 



1 6 
1 7 
1 7 
1 8 

1 9 

2 0 



TIN 



S45C 



0. 1 5 



1 8 



(Alo. s.Tio. 4)N 



S45C 



0. 1 0 



1 2 



[00 32] 



im2] 



(6) 
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No 



mm 



(mn) 



Cum ) 



36 
37 
38 
39 
40 
41 
42 
43 
44 



45 
46 
47 
48 
49 
50 
51 
62 
53 



(Alo. s.Cro. 
(Alo. s, Cro. 
(Alo. 7, Cro. 
(Alo. s.Cro. 
(Alo. 8. Cro. 
(Alo. 8, Cro. 
(Alo. a. Cro. 
(Alo. a. Cro. 
(Alo. a. Cro. 



.)N 

a)N 

M 

M 

2)NB 

j)BC 

ONCB 



SKDll 



0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



(Alo. 9, 

(Alo. a, 

(Alo. 7, 
(Alo. 8. 

(Alo. a. 

(Alo. 8. 
(Alo. 8. 
(Alo. 8. 
(Alo. 8. 



Vo. .)N 
Vo. ,)N 
Vc. a)N 

Vo. i)B 
Vo. «)C 
Vo. «)NC 
Vo. ONB 
Vo. »)BC 
Vo. j)NCB 



SKDll 



0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



54 (Alo. s.Mgo. .)N 

55 (Alo. 8,Mgo. t)N 

56 (Alo. 7,Mgo. »)N 

57 (Alo. a.Mgo. .)B 

58 (Alo. 9.Mgo. i)C 

59 (Alo. a.Mgo. ,)NC 

60 (Alo. a.Mgo. i)NB 

61 (Alo. a.Mgo. .)BC 

62 (Alo. a.Mgo. .)NCB 



SKDll 



0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



8 
7 
8 
9 
8 
6 
7 
9 
7 



9 
8 
1 0 
1 1 
1 0 
7 
9 
8 
6 



8 
9 
1 0 
9 
9 
7 
8 
9 
6 



63 
64 
65 
66 
67 
88 



(Alo. a. Cro. 4)N 
(Alo. 4. Cro. 8)N 
(Alo. 8. Vo. .)N 
(Alo. 4. Vo. ,)N 
e.Mgo. 4)N 

•' 0. .)N 



SKDll 



0 

0. 4» 



8 0 
8 5 



69 



70 



TiN 



SKDll 



0.6 0 



2 5 



(Al. Ti) N 



SKDll 



0.4 0 



1 8 



[0033] 



(7) 
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No 






iriyj 




71 
72 
73 
74 
75 
76 


(Alo, a.Cro. 2)N 

CAlo. 8. Vo. 2)N 

(Alo. o.Mgo. ,)N 
CAlo. g.Cro. 2)NC 
CAlo. 8. Vo. j)NB 
(Alo. 8. Mgo. i)BC 


10 5 0 

10 0 0 

10 0 0 

9 5 0 

9 0 0 
Q n A 


3 2 0 0 
3 0 0 0 

2 8 0 0 

3 5 0 0 
3 10 0 
o 2 0 0 


m 


VY 
78 

79 

fin 
oU 

81 

82 


CAlo s.Cro i)N 
(Alo. Vo. 4)N 
(Alo. e.Mgo. 4)N 
CAlo. s.Cro. 4)NC 
CAlo. «. Vo. 4)NB 
(Alo. s.Mgo, 4)BC 


7 n n 
6 5 0 
6 5 0 
6 0 0 

5 5 0 

6 0 0 


O 1 A A 

2 10 0 

18 0 0 
15 0 0 
2 2 0 0 
2 0 0 0 

19 0 0 




83 


TiN 


6 0 0 


2 0 0 0 




84 


(Al. Ti) N 


8 0 0 


2 5 0 0 



[00 34] 

TiN TiC l^m. TiCNftH. (Al.TiXN.O^^UcT) 

't'T'* t W^tt tCffiiiT ^ ^ (Al , T i ) (N. C) ^^jl J; Y) 



m)mm m mm 



